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ABSTRACT 
 
The design and develop of a new tank terminal, an extension to 
an existing tank terminal, or the optimization of a current 
facility is a big undertaking. The typical project has to deal with 
numerous design challenges and design tradeoffs. Simulation is 
the only effective way to understand how the various terminal 
components (tanks, manifolds, transfer lines, pipelines etc.) 
interact and how they are affected by controllable and non-
controllable events. 
 
This paper describes typical terminal modeling challenges in the 
design phase and demonstrates how simulation models can be 
used to increase throughput, improve operating efficiency, and 
reduce cost by avoiding unnecessary capital expenditures. 
 
Various analysis techniques and approaches are elaborated with 
a focus on practical application. A case study is also presented 
to demonstrate the use of tank terminal simulation models in 
solving real-life operational problems. The benefits and 
limitations of simulation modeling as an approach are also 
discussed. 

 
INTRODUCTION 
 
Organizations in every industry are challenged to act on to 
opportunities with greater insight, deeper understanding and 
shorter response times than ever before. Knowing what has 
happened is no longer adequate. Organizations need to know 
what is happening now, how the various pieces act and interact, 
and what is most likely to happen next. If an organization can 
anticipate what is going to happen before it actually occurs, they 
will be able to make decisions that maximize results and 
achieve optimal outcomes.  
New simulation technologies, faster computing capability and 
deeply integrated networks are allowing us to achieve a greater 
understanding of system dynamics and therefore make better 
more informed operational decisions. 
 
 
 

COMMON CHALLENGES 
 
The energy sector’s value chain is comprised of three areas of 
operation: upstream, midstream and downstream including 
pipelines and related networks. While the technical knowledge 
required to efficiently operate in all three areas is highly 
specialized, the need to optimize large capital assets and extract 
maximum value (return) from those investments is a common 
challenge. 
 
All three areas have technology-related challenges including the 
timely allocation of resources and the application of technology 
and processes that support key operating functions. 
 
Simulation as a Differentiator 
 
Top corporate performers in over 30 major industries have 
indicated that they are twice as likely to use simulation and 
advanced technologies to guide their decisions as compared to 
their competitors and five times more likely as compared to the 
lower performers in their industry [1]. 
 
What does this mean for operators of crude oil pipelines? How 
advanced is the pipeline industry relative to other industries that 
have made extensive use of simulations and predicative 
technologies? How can pipeline companies use simulation as a 
competitive advantage and as a key differentiator in the market? 
 
Advantages of simulation include the following benefits: 

• Cause-effect relations 
• Exploration of possibilities 
• Diagnosing of problems 
• Identification of constraints 
• Visualization of strategic plans 

 
While the advantages of simulation are apparent the creation 
and calibration of models has proven problematic. In particular, 
consistency in input and output data and determining whether 
the model is a reasonable approximation of reality have all been 
barriers to wide-spread adoption of the technology. 
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The Problem of Validity 
 
The validity of a model is directly related to both the fidelity 
(detail) of the model and the degree to which the outputs 
correlate with historical results (confidence). Because future 
events are never a certainty, the degree to which a model can be 
trusted to generate meaningful forecasts is always in doubt.  
 
It is widely accepted in the simulation community that models 
cannot possibly be fully validated to future state. Therefore it 
makes sense to have some form of quality assurance to ensure 
that the model is fit for its intended purpose.  
 
Procedures to test model validity include: 

• Peer reviews 
• Sensitivity analysis 
• Extreme-condition testing 
• Testing of assumptions 
• Consistency checks 
• Checking outputs versus historical data 

 
There are no shortcuts to validate that a model is creating 
credible results other than running the model through a series of 
tests and assessing the results with experienced analysts. 
 
As a simulation model passes an increasing number of well-
designed tests, the confidence in that model should increase 
over time. 
 
MODEL CREATION 
 
Steps in creating a simulation model include the following: 

1. Problem Formulation 
2. Model Objective and Goal Setting 
3. Model Conceptualization 
4. Data Collection 
5. Model Development 
6. Verification and Validation 
7. Experimental Design 

 
Best practice dictates that clear formulation of the problem 
statement is crucial to creating a successful model and 
ultimately becomes the metric against which the model 
investment is measured. Iterations may be required between 
model development and verification-validation as model 
requirements may not be entirely clear at the onset of the 
project. 
 
 
 
 
 
 

 
The overall process of abstracting and developing a model is 
shown in Figure 1. 
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Figure 1: Model Development Process
 

 
 
Definition of the model business objectives is a key step and 
includes the following considerations: 

• Model performance (speed) 
• Quality of data inputs 
• Configuration inputs 
• Feature materiality to problem solving 
• Sensitivity analysis 
• Capability of users 

 
Definition of the model scope includes the following 
considerations: 

• Model boundary conditions 
• Required fidelity 
• Data output format 
• Data gathering responsibilities 
• Plan for testing and experimentation 
• Output analysis and reports 
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CASE STUDY 
 
Background 
 
A large trans-national crude oil pipeline company was growing 
quickly and unable to resolve a chronic shortfall in its 
throughput and revenue performance. The traditional static 
analysis tools (spreadsheets and manual analysis) were used to 
understand the commodity flows and track the various physical 
and operating constraints at each terminal and across mainline 
pipelines. The analysts were not able to definitively identify the 
system bottlenecks because the conflicts moved around the 
network as the inputs and boundary conditions varied. In 
addition, the causative events leading to inventory build-up 
were not readily apparent and the interactions between the 
events in the terminals were not well understood. 
 
Clearly a dynamic analysis was required to understand the 
cause-and-effect dynamic at play. It was decided that modeling 
and simulations were required for each major terminal (3) and 
that the models were to be based on a known vendor platform 
and packaged software.  
 
Objectives 
 
The objective of the modeling exercise was resolution of the 
volume restrictions in the terminal with a goal of achieving 
design throughput and releasing additional (unrealized) 
throughput to achieve greater than design capacities. In 
addition, the model had to have the capability of varying the 
commodity quality pool makeup to allow for experimentation 
on the pool compositions. 
 
At the beginning of the project there was uncertainty on how 
accurate the models would be as there had been several prior 
failed attempts to model various segments of the network. The 
required level of detail (fidelity) in the model was also uncertain 
as the organization had no prior experience with whole terminal 
models or large complex simulations. It was agreed that a 
reasonable model output would be results within 2% of 
operating actuals. 
 
Competitive Environment 
 
The creation of the models was driven by a structural change in 
the regulatory environment which was designed to incent for-
profit behavior and shift responsibility for cost recovery and 
capital expenditures to the pipeline operator. Previously the 
regulatory structure provided a fixed return on assets with full 
recovery of operating expense. The organization was faced with 
a new challenge of simultaneously increasing its throughput 
while pressing for cost savings and capital efficiency.   
 
 

 
 
Organizational Transition 
 
As a regulated entity, the organization historically did not have 
a need to develop the tools, processes and culture typically 
found in a profit-seeking company. Consequently, advanced 
analytical capability and the underlying support systems were 
largely missing from the environment. In addition, the 
organization did not have a cohesive data management strategy 
and operating data was scattered and incomplete. 
 
It was apparent early on that new processes would have to be 
built both around the creation and use of the models as well as 
the preparation and integration of incoming and outgoing data 
with existing systems. In addition, it was difficult for the 
individual analyst to know how and when to bring the 
simulation results forward or how to interpret the results 
relative to the incumbent manual analyses because the 
organization had no processes to support its new modeling 
capabilities. 
 
As the organization had no history of working with models, 
extensive education was required throughout the model 
development period to ensure users were aware of basic 
modeling principles and good practices. Motivation for the 
individual analyst to engage with modeling technology was low 
as there was no formal recognition of modeling skills within the 
organization and no direct ties to personal compensation or 
career growth opportunities. 
 
Technology Choices 
 
The organization had previously experimented with simulation 
and modeling using a discrete-event modeler from a globally 
recognized software vendor. Training was marginal and the 
success of the modeling effort somewhat limited. Since the 
vendor software was pre-existing in the local environment, it 
was decided to build the new terminal models using this 
proprietary software. A more rigorous subsequent examination 
of the available technologies revealed that other vendor 
packages may have been a better long-term fit but the existing 
software was more than capable of replicating the physical 
system.  
 
After engaging with the software vendor and preparing some 
early design basis documentation for the model, it became 
apparent that the software vendor was not able to support the 
required detailed modeling effort. Consequently a second 
vendor specializing in refining operations and terminal storage 
was engaged to create the detailed design and undertake the 
model development. 
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RESULTS / DISCUSSION 
 
A large multi-commodity crude oil terminal located in the US 
mid-west was chosen as a candidate for modeling because of its 
strategic importance to the overall network performance. The 
terminal consisted of over forty medium and large diameter 
crude oil storage tanks with numerous inter-connecting 
manifolds and associated meters and instrumentation. 
Scheduling of the terminal was done by a central planning 
group located some distance from the terminal. The terminal 
was operated remotely from a central operations control center.  
 
A vendor specializing in simulation modeling was chosen to 
lead the modeling effort. The consultant’s first priority was to 
examine the available operating data and manually analyze the 
data for patterns and discrepancies. The operating philosophy 
for the terminal was examined and the underlying business rules 
and assumptions were documented.  
 
Following the initial data scan an assessment of operating 
performance relative to industry benchmarks was undertaken. 
This assessment identified a number of operating gaps and areas 
for improvement unrelated to simulation and modeling. 
Operating objectives were clarified and the purpose for building 
a model as confirmed. In parallel with the assessment, a request 
was made to the analytics group for several years of terminal 
operating data down to the individual batch level. The data 
included batch size, batch sequence, time stamps and a variety 
of batch characteristics.  
 
From the operating data a representative input schedule was 
created for the terminal with manual revisions to compensate 
for gaps and discrepancies in the data. The simulation 
consultant then worked with the package software vendor to 
create an initial high-level model that roughly approximated the 
desired features and functionality. Though a series of iterations 
the model was further elaborated to gain greater fidelity and 
greater alignment with real world operations.   
 
Challenges and Issues 
 
It was very difficult for the development team to create an 
initial working model as the business rules for terminal 
operations were not well documented and not all analysts 
understood the terminal operations in the same way. The 
tendency of the analyst (especially those associated with 
troubleshooting existing operations) was to think of the model 
simulation as a scheduling application rather than an asset 
planning tool. They were looking for exact replication of reality 
as opposed to mimicking just the components or segments of 
the operations that were material to resolving a throughput 
issue.  
 

Deciding what operating components to model and the degree 
of detail to include in the model were key decisions in the 
model development. A consistent focus on the agreed model 
objectives was required to guide the development effort. It was 
also necessary to continuously revisit the business problem 
definition to test that decisions on functionality would result in 
a model capable of answering the required questions. 
 
Acceptance of the tested model was a challenge as there was 
much skepticism that the model was returning meaningful 
results. The model had undergone extensive validation against 
historical operating data so confidence was high in the model’s 
ability to recreate actual results. However, even though the 
model had undergone extensive testing, there was less 
confidence in the model’s ability to accurately simulate future 
state. The model gained increasing acceptance as the analysts 
gained working experience with the model. 
 
As indicated earlier, model support processes were not in place 
prior to model deployment and the organization was challenged 
to manage changes and maintain model consistency over time. 
 
Risks 
 
The model was used to resolve operating restrictions in both 
current state and future state (new capital) configurations. 
Therefore the model’s impact to daily operations and medium to 
long term planning was high. As with any new technology, the 
risk of adoption was high but mitigated by extensive testing and 
validation.  
 
Benefits 
 
The following cost savings and financial benefits were realized 
within the first year of model deployment: 
 

Removal of one new tank  $50 Million One-time 

Removal of manifolds and 
related connectivity 

$20 Million One-time 

Increased revenue from 
additional operating volume 

$24 Million Annually 

 
 
KEY LEARNINGS 
 
Following are key learnings resulting from this case study: 

• Prepare the operating data in advance 
• Prepare physical configuration data in advance 
• Cleanse and gap-fill data as required 
• Select software based on modeling approach and 

flexibility 
• Prepare operating philosophy and business objectives 

in advance 

 4 Copyright © 2014 Stream Systems Ltd. 



 

 
 

• Document business rules in advance 
• Create business use cases in advance 
• Create test scenarios in advance 
• Identify operating conflicts early 
• Decide the best method for capturing operating 

conflicts 
• Hard code in the model 
• Mimic conflicts in the input data 
• Combination of hard code and data inputs 

• Provide for user configurable inputs 
• Define required level of model fidelity in advance 
• Provide toggles for operating conflicts (on or off) 
• Create a fixed scenario test plan in advance of testing 
• Create vendor model support agreement 

 
RECOMMENDATIONS 
 
Following are key recommendations resulting from this case 
study: 
 
• Minimize design variables and model only those elements 

that are pertinent to the problem.  
• Allow for a warm-up period of at least 2-3 months of actual 

operating data to allow the model to stabilize. 
• Take the time to clearly define the model boundaries and 

initial tank volumes as the models are highly sensitive to 
initial conditions. 

• Gain agreement on model acceptance criteria for testing 
and validation in advance of deployment. 

• Use model development as an opportunity to educate users 
on good modeling techniques and best practices. 

• Develop a functional group that is responsible for model 
support and maintenance in advance of deployment. 

 
FUTURE WORK 
 
Terminals do not exist in isolation so a network nodal model 
connecting the various terminals would be required to 
understand the global upstream and downstream effects. The 
technical feasibility of connecting existing terminal models 
while allowing for realistic transit times requires further 
investigation. 
 
CONCLUSION 
 
This paper describes typical terminal operating challenges and 
demonstrates how simulation models can be developed to 
increase throughput, improve operating efficiency, and reduce 
cost. 
 
Various modeling techniques and approaches were discussed 
with a focus on practical application. A case study is also 
presented to demonstrate the use of tank terminal simulation 

models in solving real-life operational problems. The benefits 
and limitations of simulation modeling as an approach were also 
discussed. 
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